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Abstract. In photovoltaic (PV) cells, a fraction of the incident solar energy is transformed into electrical energy. Most of 
the part is transformed into heat which elevates the cell temperature resulting in reduced electrical efficiency. A box 
containing phase change material (PCM) can be attached on the dark side of the PV panel to reduce the operating 
temperature of the PV which elevates the electrical efficiency. In the current work, a mathematical model is presented for 
analyzing the electrical and thermal performances of only PV and PV-PCM systems at South West UK. Ansys-Fluent 
software has been used for carrying out the calculations. The results show that, for the June month at Cornwall, UK 
(50.17ºN, 5.12ºW), (a) the integration of PCM box at the back of a roof integrated 4kWp PV system decreases the PV 
temperature by 20°C near noon, (b) the electrical output is improved from 2.6kW to 2.9kW using PCM near noon and (c) 
the total daily electrical output is increased from 17.7kWh/day to 18.9kWh/day using PCM. 
INTRODUCTION 
The electrical efficiency of the PV reduces significantly with rise in the cell temperature [1]. The studies 
involving the thermal regulation of the PV to increase its efficiency using PCM are reviewed. The studies that 
presented the 1d analysis of the PV-PCM system are as follows: Brano et al. [2] have used the finite difference 
approach for the analysis of the system. Atkin and Farid [3] have compared the effectiveness of PCM with that of 
heat sink in thermal management of PV. Kibria et al. [4] have studied the usage of different PCMs for the thermal 
regulation of the PV. Park et al. [5] have analyzed the system behaviour by varying the PCM quantity. Smith et al. 
[6] have carried out the global analysis of the system.  
The studies that presented the 2d analysis of the PV-PCM system are as follows: Kant et al. [7] have shown the 
significance of the consideration of convective energy flow while analyzing the thermal performance of the system. 
Biwole et al. [8] have used mathematical functions to model the PCM properties. Huang et al. [9] have compared the 
system having fins inside the PCM box with no-fin system. Ho et al. [10] have considered the microencapsulated 
PCM in their study. Khanna et al. [11-16] have analyzed the influence of operating conditions on the performance of 
the system and optimized the system dimensions. 
3d analysis of the system has been carried out by Huang et al. [17] and the temperature of the system has been 
compared with that of the 2d analysis. Ho et al. [18] have also presented the 3d analysis but considering only 
conduction. The method of separation of variables is also applied by researchers to derive explicit analytical 
expressions for temperature distributions [19] incorporating the effect of non-uniform solar flux distribution [20, 
21], thermal variations [22,23] and angle of incidence of sun rays [24] which can be helpful in computing 
temperature distribution in PV-PCM system.     
The experimental work has also been carried out by researchers. Huang et al. [25] have compared the system 
having fins inside the PCM box with no-fin system. Hasan et al. [26] have studied the usage of different PCMs for 
thermal regulation of PV. Indartono et al. [27] have investigated the performance of yellow petroleum jelly as PCM. 
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Browne et al. [28] have investigated the effect of deploying water pipes inside the PCM box to extract the stored 
heat. 
In the current work, PCM is used for enhancing the electrical output of a 4kWp PV system at Cornwall, UK 
(50.17ºN, 5.12ºW). A mathematical model is presented for analyzing the electrical and thermal performances of only 
PV and PV-PCM systems. The performances of only PV and PV-PCM systems have also been compared. 
METHODOLOGY 
Two roof integrated PV systems have been chosen for the current study as shown in Fig. 1. ߚ denotes the tilt 
angle of the systems. The PV panel is considered to be a stack of five layers. An aluminium container (4mm thick 
walls) filled with PCM is attached on the dark side of the panel. The dimensions of the systems are shown in Fig. 1. 
The thermal and electrical performances of the systems are analyzed by solving below equations using Ansys 
software. 
 
 
(a) Only PV system 
 
 
(b) PV-PCM system 
FIGURE 1. Cross sectional view of the systems 
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The electrical efficiency of the systems are presented as function of average temperature of PV (TPV), 
instantaneous solar irradiance incident on the tilted PV (IT), temperature coefficient (ߚc), solar radiation coefficient 
(ߛc), PV efficiency at standard test conditions (ηSTC), inverter efficiency (ηinv) and electrical loss efficiency (ηe,loss). 
 
ߟ௦௬௦௧௘௠ ൌ ߟ௜௡௩	ߟ௘,௟௢௦௦ߟௌ்஼ሾ1 ൅ ߚ௖ሺ ௉ܶ௏ െ 25ሻ ൅ ߛ௖ lnሺܫ்/1000ሻሿ	                                           (5) 
 
VALIDATTION 
For the validation of the presented model, the comparison has been made between the computational results of 
the presented model and the experimental measurements reported by Huang et al. [25]. For calculations, the same 
dimensions of the system have been chosen as used by them [25]. It is found that the mismatch between the 
temperature values of the system lies in the acceptable range of −2°C to +1°C [13]. 
RESULTS AND DISCUSSION 
In the presented work, two roof integrated 4kWp PV system (tilted at 45°) at Cornwall, UK (50.17ºN, 5.12ºW) 
have been chosen. RT21HC PCM is chosen for this study. Only PV and PV-PCM systems have been compared for a 
day with clear sky in June.  
The variations in the solar irradiance on the PV panel, the ambient temperature and the PV temperature with time 
are plotted in Fig. 2. It is shown that the PV temperature is raised by 35°C above the ambient temperature. The rise 
is high due to limited ventilation because of roof integration. It can be seen that the PV temperature is decreased by 
20°C using PCM near noon. It is due to the fact that the PCM extracts a large amount of heat from PV as latent heat 
and does not allow much rise in the temperature of the system. 
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FIGURE 2. Solar irradiance on PV panel, ambient temperature and PV temperature 
 
 
The electricity generation from the systems are plotted in Fig. 3. The total daily electrical output from the 
systems are also compared. The results show that the electricity generation from PV is increased from 2.6kW to 
2.9kW using PCM near noon. The total daily electrical output is increased from 17.7kWh/day to 18.9kWh/day using 
PCM. It is due to the fact that the integration of PCM reduces the PV temperature significantly which raises the PV 
electrical efficiency. 
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FIGURE 3. Electricity generation from roof integrated 4kWp PV system (tilted at 45°) at Cornwall, UK (50.17ºN, 5.12ºW) 
CONCLUSIONS 
In the current work, a mathematical model is presented for analyzing the electrical and thermal performances of 
only PV and PV-PCM systems. Ansys-Fluent software has been used for carrying out the calculations. Two roof 
integrated 4kWp PV systems at Cornwall, UK (50.17ºN, 5.12ºW) have been chosen to compare the only PV and 
PV-PCM systems in terms of average PV temperature, electricity generation and total daily electrical output. The 
conclusions are as follows 
 
i. Integration of PCM box at the back of PV can decrease the average PV temperature by 20°C near noon. 
ii. Electricity generation can be improved from 2.6kW to 2.9kW using PCM near noon. 
iii. Total daily electrical out can be increased from 17.7kWh/day to 18.9kWh/day using PCM. 
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